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124 normal and psoriatic human skin grafts were per-
formed on congenitally athymic nude mice_ 5, 10, 15, 20, 
and 30 days after grafting, histological and immuno-
chemical studies (using bullous pemphigoid, pemphigus 
vulgaris and anti 67 K keratin polypeptide immune sera) 
were performed. 
The preservation of certain immunological identities 
of grafted skin, at least with regard to intercellular 
substance and basement membrane, was observed and 
the keratinization pattern of human epidermis also re-
mained unaltered throughout the post-grafting period. 
The typical clubbing of rate ridges/acanthosis pattern 
in psoriatic skin was preserved in 40% of involved pso-
riatic skin grafts. The possible significance of these find-
ings is discussed. 
It has previously been established that congenitally athymic 
"nude" mice might be useful for the in vivo study of human 
tissues, s ince they fail to reject grafted specimens, even those of 
dist inct phylogenetical origin [1]. Normal human skin grafted 
on nude mice can be maintained without any signs of rejection 
during the life-span of the recipients [2]. Also, psoriatic skin can 
be successfully propagated in these mice and has been reported 
to preserve its typical acanthosis tluoughout the animals' life-
span [3]. However, othE!r features of psoriasis such as agranu-
losis and parakeratosis have not been as persistent and, in som e 
biopsies taken at various times after grafting, the a uthors failed 
to demonstrate typical psoriatic acanthosis. Also, the gross 
appearan ce of grafted involved psoriatic skin (IPS) has not 
shown a ny differences with noninvolved psoriatic skin (NIPS) 
grafts at a ny time, after a graft was healed in place. 
To our knowledge, no studies have been performed on the 
immunological identity of human skin grafted o,n nude mice. 
Tissue-specific, species-nonspecific immune sera obtained from 
patients With pemphigus vulgaris and bullous pemphigoid bind 
specifically to the intercellular substance (IeS) of stratum 
spinosum a nd basal m embrane (BM) epidermal antigens re-
spectively [4,5], and may thus be used to label corresponding 
antigens in experimental condi t ions. A relatively simple bio-
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Abbreviations: 
BM: basement membrane 
ICS: interceUular substance 
IF: immunofluorescence 
IP: immunoperoxidase 
IPS: involved psoriatic skin 
67K: human keratin polypeptide (M .W. 67 000) 
NHS: normal human skin 
NIPS: noninvolved psoriatic skin 
chemical method of separating and purifying keratin poly pep-
tides has recently been described [6]. A specific antiserum 
against the component of the highest MW (67K) of normal 
human keratin has been produced in guinea pigs. This specific 
anti 67K immune serum stains the suprabasal keratinocytes of 
human epidermis exclusively [7,8]. 
All the above m ention immune sera were employed in the 
present study, in which the preservation of certain immunolog-
ical properties a nd the typical keratinizing pattern of grafted 
human skin, revealed by immunochemical studies, is reported. 
MATERIALS AND METHODS 
Mice 
Congenitally athymic "nude" BALB/C mice ages 4 to 7 weeks, were 
used as recipients for human skin grafts. No particular precautions 
were taken in the animal house during th is study. 
Human Donors 
10 patients with generalized psoriasis vulgaris and 11 normal, healthy 
human subjects served as skin graft donors in this study. Clinical data 
concerning age, sex, activity and extent of skin lesions were noted in 
each case. 
Grafting Technique 
Two biopsies of 8 mm diameter were taken by a sterile punch under 
local anesthesia (2% lignocaine) from normal human skin (NHS) , 
involved psoriatic skin (IPS) and noninvolved psoriatic skin (NIPS). 
Only active, proliferating psoriatic lesions were biopsied for IPS grafts. 
The tissue specimens were placed separately in Eagle's (MEM) medium 
immediately after excision and 2 samples were taken for routine histo-
logical study and for immunochemical examination to serve as the 
controls. The biopsies were trimmed with an electrokeratome (Castra-
viejo) in order to reduce the graft thickness to 0.4 mm for NHS and 
NIPS and 0.6 mm for IPS. In a pilot experiment, it became apparent 
that too thick or too thin IPS grafts were not successful, the former 
because of inadequate perfusion of hypermetabolic tissue and the latter 
probably because of excessive elimination of lower parts of the acan-
thotic epidermis together with the major part of the dermoepidermal 
junction. 
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Each biopsy was then divided into 2 parts and grafted on to a nude 
mouse. Each set of grafts was performed in duplicate, ie, 2 animals were 
used as recipients for every type of skin grafted. Consequently, every 
set of NHS-IPS-NIPS grafts consisted of 6 Nude mice, each bearing 2 
grafts of the same type. 
We adopted Dabard's grafting technique [9] wi th slight modifica-
tions. The mice were anesthetized with ether and 2 graft beds of about 
the same size as graft (app. 4 mm2) were prepared in the upper-thoracic 
region: one on the right side for histological investigation, and one on 
the left for immunochemical examination. Grafts were then placed and 
fixed in position with transpore sW'gical tape (3 M). Finally, a dressing 
with self-adhesive sticking plaste r was applied. 
For long-term grafts, the dressings were removed on the 9th day 
after grafting. Various sets of experiments were terminated after 5, 10, 
15, 20 and 30 days, at which time mice were sacrificed and grafts excised 
together with surrounding mouse skin. 
Histopathological Techniques 
The specimens were fixed in 3% formol calcium (Baker), embedded 
in paraffin, sectioned and stained with hemalin-eosin-safran. 
Some grafts from selected individuals were embedded after fixa tion 
in epoxy resine. Blocks were polymerized at 60°C for 2-3 days and 
semi thin sections of 2 !l were then performed and stained. This latter 
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technique enabled us to examine the t issues more closely for cellular 
infiltrates. 
Several histological features were studied in each biopsy and com-
parison made between the. initial appearance and that ~ fter grafting. 
Particular attention was paId to the presence of acanthosIs, clubbmg of 
the rate ridges, para and hyperkeratosis, the occurrence and thickness 
of the granulaI' layer and the presence and exLenL of dermal inliltrate. 
Immunological Techniqu.es 
Indirect immunofluorescence (IF) and immunoperoxidase (IP) tech-
niques were applied. 
Antisera 
IGS antiserum: For studies on the in tercellu lar substance (ICS) 
antigen, a serum from a patient suffering fro~ pemphigus vulgaris, 
which gave a 1/800 t iter when tested on a rabbIt hp mucous substrate 
was used at a dilution of 1/ 100. 
BM antiserum: A serum of 1/800 titer, obtained fTom a patient with 
bullous pemphigoid served as a marker for basement membrane (BM) 
antigen. Also this serum was employed at 1/ 100 dilution. For the IF 
technique, a rabbit anti-human Ig-fluorescein conjugate diluted to 1/ 
100 (F/ P ratio: 1 < x < 4) (Institut Pasteur) was used for the IP 
technique, a sheep anti-human Ig-peroxidase conjugate at a dilution of 
1/30 (Nordic). 
67K antiserum: This was obtained by immunizing female Hartley 
guinea pigs with keratin polypeptides of normal stratum corneum. The 
stratum corneum samples were foot callus obtained by scraping from 
individuals without any skin disorder. The extraction procedure of 
keratin was performed according to the technique of Baden et al [6]. 
The fibrous prote ins were isolated with tris buffer, pH 9.0, containing 
6 M urea and 0.1 M mercaptoethanol, and when subjected to electro-
phoresis on 12% polyacrylamide slab gel [7]. FoW" main polypept ides 
(67 K, 62 K, 55 K, 48 K) were regulaI'ly detected and used for immu-
nization according to a procedure already described [10]. The immune 
sera obtained were absorbed successively with human erythrocytes a nd 
liver powder. 
The 67 K ant iserum labeled the cytoplasmic antigens of keratino-
cytes of the upper layers of human epidermis only whereas, the basal 
layer remained unstained [8]. The specificity of this serum was con-
trolled by both light and electron microscopy [8]. 
The serum was used at 1/100 dilu t ion. Detection of its binding sites 
was performed using sheep ant i-guinea pig Ig-fluorescein conjugate (1 / 
50 dilution-Behring) in the IF technique, rabbit anti-guinea pig Ig-
peroxidase conjugate (1 /50 dilu t ion, Nordic) in the IP technique. 
IF technique: 
Tissue specimens frozen in liquid nitrogen immediately after excision 
were embedded in tissue-tec (3 M) and sectioned in a cryocut into 4,5 
J.L sections. These were collected on glass slides a nd then stored at 
-600C. The sections were thawed rapid ly at room temperature and 
placed in contact with the specific immune sera. They were then 
washed in phosphate buffer solu t ion (PBS) and specific conjugate was 
applied for 30 min at room temperatW"e. Following the final 1 hr and 30 
mn in PBS, sections were covered with buffered glycerin and cover 
slips were mounted. 
Sections treated with immuno-negative sera served as negative con-
tro ls. In parallel with each experiment, the specificity of the positive 
sera was verified on rabbit lip substrate. 
R esults were read immediately under an epifluorescent Leitz micro-
scope with dry 40 X and 63 x lenses. 
IP technique: 
The study was performed on unfixed frozen sections of the same 
tissue specimens as used in the IF. After 30 min, contact with the 
immune sera and 30 min wash in PBS, the sections were treated for 30 
min with the specific conjugates. Following the second 30 min wash in 
PBS and a 10 min wash in Tris-HCI buffer (pH 7.6), the presence of 
peroxidase was revealed using Graham-Karnovsky medium (15 min) 
[11]. S lides were then washed in Tris- HCI (pH 7.6) and PBS, covered 
with buffered glycerin and mounted with cover slips. 
Negative controls were performed by replacing immunoconjugates 
with PBS. Resul ts were read under a Leitz light microscope. 
RESULTS 
In total, 124 grafts were performed (40 IPS, 40 NIPS and 44 
NHS), out of which 103 could be examined (32 IPS, 31 NIPS, 
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40 NHS). Graft failures were of technical origin. No immuno-
logical-type graft rejections were observed, but 6 out of the 62 
mice used in the trial died before the end of the experiment. It 
was easy to identify the graft/mouse skin junction in most cases 
by the distinct difference in the thickness of the two epidermises 
and the different morphology of the dermis. In doubtful cases, 
the presence of melanin served as a marker for human epider-
mis, which contrasted well with the nonpigmented epidermis of 
the albino mice. 
Light Microscopy Findings (LM) 
NHS (20 samples): No morphological modifications of grafted 
skin were observed during the fU'st 20 days after grafting. 
However, afterwards, most of the grafts showed some degTee of 
acanthosis when compared with the initial thickness of the 
grafted epidermis. The granular layer was generally thicker in 
the grafted epidermis than in the initial, control biopsies (Table 
I). 
NIPS (15 samples): The morphological evolution of these 
grafts was very similar to that of NHS. The same thickening 
phenomenon of spinal and granular layers of the epidermis was 
noticed in grafts maintained for over 20 days. Focci of pa.rak-
eratosis were observed in some cases (Table II). 
IPS (16 samples): The typical acanthosis/clubbing of rate 
ridges characteristic was preserved in only 6 out of the 16 grafts 
examined (Fig 1). Three additional grafts showed isolated acan-
thosis not accompanied by clubbing of rate ridges. The appear-
ance of stratum granulosum (S.G.) was a usual event in grafts 
maintained for over 5 days. Its thickness reached a maximum 
approximately 15 days after grafting. Parakeratosis was ob-
served in only 3 samples, 2 of them being biopsied on the 5th 
day after grafting (Table III). 
All the grafts studied regardless their origin showed increased 
thickness of the stratum corneum when compal"ed to the initial 
control biopsies. ' 
Immunological Findings 
ICS (Intercellular substance) antigen (pemphigus autoanti-
body substrate): No modifications ofICS antigen were observed 
in any of the 3 types of grafted human skin, regardless of graft 
maintenance time (5, 10, 20 or 30 days), using either IF or IP 
technique. However, the best staining was observed in NHS 
TABLE I. Histological findings in grafled norm.al human sllin 
(NHS) at various times after grafting 
Days after No. of Acanthosis Acanthosis Presence of Para-kel'a-grafts stud- + (c1 ub- {"Tanuiar los is grafting ied (total) bing) layer 
5 4 1 0 4 0 
10 4 0 0 4 0 
15 5 0 0 5 1 
20 3 2 0 3 0 
30 4 3 0 4 0 
Total 20 6 0 20 1 
TABLE II. Histological findings in grafted non involved psoriatic 
shin (NIPS) at various limes afl~r grafting 
Days after No. of Acanthosis Acanthosis Presence of Para-kera-grafts stud- + (c1u b- granular b'T"fting ied. (Total) bing) layer tosis 
5 2a 0 0 2 0 
10 3 0 0 4 1 
15 4 1 0 3 0 
20 3 2 0 3 1 
30 4 3 0 4 0 
Tota l 15 6 0 15 3 
" Both grafts from the same donor. 
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grafts using the IP technique (Fig 2). The ICS antigen of mouse 
epidermis and hair follicles was also labeled by the serum 
employed. 
EM (basement membrane) antigen (bullous pemphigoid au· 
toantibody substrate): Continuous linear staining was observed 
in all the grafts studied (NHS, IPS, NIPS) in both IF and IP, 
regardless of the time after grafting. The basement membrane 
of mouse epidermis and hair follicles was labeled in the same 
manner (Fig 3). 
67K heratin polypeptide: Regardless of the origin of the graft 
(NHS, IPS, or NIPS) and of post·grafting maintenance time, 
IF and IP techniques employing specific anti 67K polypeptide 
serum showed a typical staining pattern of the suprabasal 
keratinocytes of the epidermis studied. In both psoriatic skin 
and NHS, the basal layer of the epidermis remained consis-
tantly negative (Fig 4). 
Nude mouse epidermis labeling appeared to be weaker and 
there was no difference between keratinocytes from the basal 
FIG 1. Normal human ski!) (nhs) graft after 20 days. mouse skin 
(ms). 
TABLE III. Histological findings in grafted involved psoriatic shin 
(IPS) at various time after grafting 
Days after No. of Acanthosis Acanthosis Presence of Para·kera· 
grafting grafts stud· (total) + (club· granu lar tosis ied bing) layer 
5 3 3 2 3 2 
10 2 1 1 2 0 
15 4 1 1 4 0 
20 4 3 2 4 1 
30 3 1 o . 3 0 
Total 16 9 6 16 3 
FIG 2. Involved psoriatic skin (ips) graft after 20 days showing both 
acanthosis and clubbing. Thick granulru· layer is observed. (reduced 
from x 10). 
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FIG 3. Immunoperoxidase (intercellular substance IeS staining) . 
Junction between mouse and involved psoriatic skin (ips) 15 days after 
grafting. 
FIG 4. Immunoperoxidase (basement membrane EM staining). 
Junction between mouse and involved psoriatic skin (ips) 15 days after 
grafting. 
and upper layers. This distinct difference from hWllan epider-
mis enabled us to observe that there was no intermediate zone 
between the 2 types of epidermis at the junction (Fig 5 and 6). 
DISCUSSION 
These data confirm that a method of grafting human skin on 
to congenitally athyrnic nude mice provides an excellent human 
skin model in subject other than human beings. Grafted hW11an 
skin shows no degenerative alterations by morphology, as has 
been established previously [2,3]. Our results clearly indicate 
that its immunological identity is also preserved, at least with 
regard to intercellular substance (ICS) and basement mem-
brane (BM) antigens. The keratinization pattern of grafted skin 
studied with specific anti 67K keratin polypeptide serum, re-
mained unaltered throughout the post~grafting period. This 
excellent preservation of certain immunological characteristics 
in an "in vivo culture" model merits special emphasis since this 
does not occur in "in vitro" cultures, where marked modifica-
tions of human skin explants are observed [12]. 
The immunological identity of NHS grafted on nude mice 
was maintained as was that of the metabolically hyperactive 
grafts from psoriatic donors. 
It is also of great interest to note that 67K keratin polypeptide 
labeling in nude mouse epidermis differs distinctly both in 
nature and extent from that in human epidermis. The quanti· 
tative difference in the considerably weaker staining of nude 
mOllse epidermis can result £l·om difference in the amount of 
67K polypeptide or from differences in antigenic sites. 67K 
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FIG 5. Immunoperoxidase (67K staining). Control skin (involved 
psoriatic skin (ips) before grafting. 
FIG 6. Immunoperoxidase (67K staining). Junction between mouse 
skin (ms) and noninvolved psoriat ic skin (n ip s) 15 days after grafting. 
Note difference between the staining pattern of human and mouse 
epidermis. In the latter, the basal layer of the epidermis is obtained. 
Arrows point towards the basement membrane zone. 
polypeptide could only be detected in suprabasal keratinocytes 
. of human epidermis, whereas 67K is present in all epidermal 
layers of nude mouse epidermis. 
The possibility that mouse epidermis gradually replaces hu-
man keratinocytes has previously been discussed. Several ar-
guments were pointed against such a hypothesis but is was 
impossible to demonstrate cleru'ly the exact human/ mouse ker-
atinocyte relation at the graft margins, where human and mouse 
skin meet [3]. We are able now to show that t he limit between 
human graft keratinocytes and those of the recipient is very 
distinct and there is no intermediate zone, where cells of both 
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origins intermingle. 
The typical acanthosis/ clubbing pattern of IPS grafts was 
observed in 40% of biopsies studied. The preservation of this 
ch ru'acteristic psoriatic feature was less common in our study 
than in that of Krueger et al. [3] who found this typical psoriatic 
epidermis characteristic in at least 2 sliver biopsies from each 
large sized IPS graft over a 6-weeks period after grafting. It is 
possible that the different, small graft technique, we applied is 
responsible for this discrepancy. 
The possibility of incorrect orientation occurring during 
embedding still exists, but it could also happen to initial control 
biopsies, which showed the specific pattern in 100% of IPS 
studied. This technical in1perfection may, however, be taken 
into consideration, especially in regru'd to certain NIPS and 
NHS graft biopsies which showed occasionally advanced acan -
thosis not associated with papillomatosis. 
Since it is not possible to demonstrate t he typical psoriatic 
histological features in every IPS biopsy graft on nude mice, 
only a wide statistical study employing numerous animals 
would determine the value of this "nonhuman" model of pso-
riasis. However, it is uncertain whether IPS grafts on nude mice 
can be considered as a model of psoriasis, since some important 
features of the disease, such as agranu losis, are no constantly 
preserved. In our experience, a well-developed granulru' layer of 
epidermis appears in IPS grafts, parallel to t he disapperu'ance 
of pru'akeratosis, as easily as 5 days after grafting. 
Recent immunological and enzymatical studies supported by 
clinical observations seem to indicate that PMNLs, beru'ing 
neutral serine proteinase on their surface, playa crucial role in 
the pathomechanism of the spreading of psoriatic lesions 
[13,14]. They may also be responsible for the initiation of 
psoriatic lesions when attracted to the side of mechanical 
drunage of the epidermis. 
It is then possible that, resulting from gTafting, cut off of 
eventual immunological mechanism of maintenance and 
spreading of psoriatic lesion might be a cause of certain nor-
malization of lesional keratinocytes differentiation. Some signs 
of physiologic keratinocyte metabolism, such as a distinct multi-
layer thick, granulru' layer which paralleled disapperu'ance of 
pru'akeratot ic horny layer, reappeared during 5 first days after 
grafting. No inflammatory infIl trates were seen in human der-
mis and did not invade epidermis in IPS grafts studied. Also, 
gross examination showed no differences between IPS, NIPS 
and NHS grafts. 
T he staining pattern of 67K keratin polypeptide in psoriatic 
epidermis prior to grafting ressembles, in general, that observed 
in grafted IPS, regru'dless to the length of time after gJ·afting. 
The impression was gained t hat the staining was stronger in 
initial biopsies, but attempts to quantify the amounts of 67K 
by labeling with various concentrations of immunosera fail ed 
to give uniform results. 
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